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ARTICLE XIII. 



Practical Rule for Calculating, from the Elements in the Nautical 
Almanac, the Circumstances of an Eclipse of the Sun, for a Particular 
Place. By John Gummere, Teacher of Natural Philosophy and Ma- 
thematics in the Friends' School at Haverford, Pennsylvania. Read 
March 6th, 1835. 

The following rule, deduced from a known formula, gives, with 
little labour, the different circumstances of an eclipse of the sun, very 
nearly ; the greatest error in time seldom exceeding half a minute. 
It also furnishes certain data that facilitate the exact calculation, when 
this is required. The multiplication of quantities by the sine, or co- 
sine of an arc or angle, is performed by a Traverse Table, as in Hen- 
derson's method of Predicting Occultations, given in the fourth vo- 
lume of the Memoirs of the Astronomical Society of London. The 
rule is adapted to the use of the traverse tables usually contained in 
treatises on Surveying. In these tables, the difference of latitude and 
the departure are given for every quarter of a degree, -of course, from 
0° to 90° ; and but little error results, if the required quantity is 
taken in the column corresponding to the course which is nearest to 
the given angle, without correction for the difference between the 
two. It is, however, easy to estimate and apply the proportional part, 
corresponding to this difference ; and it is better to do so. When the 
TOIi. v. — 3 z 
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given angle exceeds 90'', it must be subtracted from 180°, and the 
remainder taken as the course. 

In calculating the parallaxes, the products of ten times the distance 
of the given place from the earth's centre, by the cosine and sine of 
its reduced latitude, are used. These products being constant for a 
given place, serve, when once obtained, for all calculations of eclipses 
of the sun, or of occupations for that place. Let them be denoted, 
respectively, by X and Y. Then, to obtain them, add respectively, to 
the logarithmic cosine and sine of the latitude of the place, the loga- 
rithms X and y, taken from Table I. of the annexed tables, with the 
latitude of the place as the argument, and reject 10 from the index of 
each sum. The results will be the logarithms of X and Y. These 
logarithms are used in the exact calculation of the parallaxes. The 
natural numbers corresponding to them, taken out to two decimal 
places, are the values of X and Y, that are used in the approximate cal- 
culation. These values are given in Table II. for each degree of lati- 
tude. 

In the addition and subtraction of quantities, except those which are 
in time, the algebraic rules for performing these operations are to be 
observed. Wherever the rule directs the root of a quantity to be taken, 
it is the positive square root that is implied. 

The quantities, denominated in the rule, parallaxes in right ascen- 
sion and declination, are not strictly those quantities ; they, however, 
differ but little from them, and are the quantities required in this 
method of calculation. 



RULE. 

1. Consider north declinations and north horary motions as -f-, and 
south ones as — . Find the difference of the sun's and moon's decli- 
nations, by subtracting the declination of the sun, as given in the ele- 
ments, from that of the moon. In like manner find the difference of 
the horary motions of the sun and moon, in right ascension, the differ- 
ence of their horary motions in declination, and the difference of their 
equatorial horizontal parallaxes. 

3. Multiply the difference of the sun's and moon's declinations, re- 
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duced to seconds, by 10, and divide the product by the difference of 
the parallaxes, also reduced to seconds, extending the quotient to two 
decimal places, and denote it by q. Do the same with the difference 
of the horary motions in right ascension, denoting the quotient by P'; 
with the difference of the horary motions in declination, denoting the 
quotient by q' ; and with the sun's semidiameter, denoting the quo- 
tient by r. With the moon's declination, as a course, and P' as a dis- 
tance, enter the traverse table, and taking the corresponding difference 
of latitude, mark it +? and denote it by p'. Then will gf, p\ q' and r, 
respectively express the difference of the declinations, the difference 
of the horary motions in right ascension, the difference of the horary 
motions in declination, and the sun's semidiameter, in such parts as 
the difference of the parallaxes contains 10; the difference of the 
horary motions in right ascension being reduced to the parallel of 
declination passing through the moon's centre. Let p denote the dif- 
ference of the sun's and moon's right ascensions, expressed in similar 
parts, and reduced to the same parallel. At the time of conjunction 
in right ascension p z= 0. 

3. Denote the Greenwich mean time of conjunction in right ascen- 
sion by T. Find from the Nautical Almanac the corresponding equa- 
tion of time, and apply it to T, so as to obtain the apparent time. To 
the apparent time apply the longitude of the given place from Green- 
wich, in time, by adding when the longitude is east, but subtracting 
when it is west, and convert the sum or remainder into degrees. If 
the result is less than 180°, it will be the hour angle at the time T, 
and will be -j-. If it exceeds 180°, subtract it from 360°, and the 
remainder will be the hour angle, and will be — . Denote the hour 
angle by H. 

With the sun's declination as a course, and the value of Y for the 
given place as a distance, enter the traverse table, and take the cor- 
responding difference of latitude, marking it -}- when the latitude of 
the place is north, but — when it is south, and denote it by h. Take 
also the departure, marking it with the same sign as the declination 
when the latitude is north, but with a contrary sign when it is south, 
and denote it by/. 

4. The values of p\ q\ r, 6, and /, may be regarded as constant 
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during the continuance of the eclipse. But the value p = 0, and the 
values of q and H, found as above, appertain only to the time T. To 
find them for another time T', proceed thus. As 60 minutes : difF. 
of T and T' : : p' : p. If T' is later than T, the value of j9 is +, but 
if earlier, it is — . Again, as 60 minutes : diflf. of T and T' : : q' : a 
quantity with the same sign as q', which, added to the value of q, at 
the time T, when T' is later than T, but subtracted from it when 
T' is earlier, will give the required value of q. Also, as 60 minutes : 
diflf. of T and T' : : 15° : a quantity, which added to the value of H, 
at the time T, when T' is later than T, but subtracted when it is 
earlier, will give the required value of H. 

5. With the value of H, at the time T, as a course, and the value 
of X, for the given place, as a distance, enter the traverse table, and 
take the corresponding departure, marking it with the same sign as H, 
and denoting it by u. Take also the diflference of latitude, marking 
it -f-j when H is less than 90°, but — , when H exceeds 90^^, and de- 
note it by C. With the sun's declination as a course, and C as a dis- 
tance, find the departure, marking with the same sign as C when the 
declination is +, but with a contrary sign when it is — , and denote 
it by c. Subtract c from 6, and denote the result by v. Then will 
u and V be the parallaxes in right ascension and declination, at the 
time T. 

Using Table IV., add together the squares of {p — u) and {q — w), 
denoting the root of the sum, which need not however be taken out, 
by M. Then will M denote the apparent distance of the centres of 
the sun and moon, a-t the time T. 

6. Take a time T', an hour earlier or later than T, according as 
the value of {p — u) at the time T, is -(- or — , and find for this time, 
by the preceding articles, the values of j9, q, H, m, C, c, and v ,• and 
thence the square of the apparent distance of the centres, denoting the 
root by M'. 

Subtract, respectively, the values of {p — u) and {q — v) at the earlier 
of the times T and T', from their values at the later time, and denote 
the results by {p' — u') and {q' — v). Add together the squares of 
{p' — u') and (jq' — t)'), and taking from the table the corresponding 
root, denote it by n. Then will n express the horary motion of the 
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moon from the sun on the apparent relative orbit. To the square of 
n add the square of M, and from the sum subtract the square of M', 
denoting the remainder by N*. Multiply W by 30, and divide the 
product by the square of n, extending the quotient to one decimal 
figure. This quotient will be an interval in minutes of time, which, 
being added to the time T, or subtracted from it, according as T' is 
later or earlier than T, will give the time of greatest obscuration. 

7. Taking now T', to represent the time of greatest obscuration, 
find for this time the values of p, q, H, u, C, c, and v. Also, when 
taking c from the traverse table, take the corresponding difference of 
latitude, and marking it with the same sign as C, denote it by g. 
With (/H- g) as the argument, take from Table IX., to two figures, 
the correction of r. Subtract this correction from r, and denote the 
remainder by r'. To r' add 2.73, the moon's reduced semidiameter, 
and denote the sum by k. Now adding together the squares of 
(p — u) and (q — v), take the root of the sum, and denote it by m. 
Then will m express the least distance of the centres. Multiply 
(k — m) by 6, and divide the product by r'. The quotient will ex- 
press the digits eclipsed ; on the northern limb if {q — v) is -{-, but 
on the southern if it is — . If m is equal to, or greater than fe, the 
eclipse will not be visible at the given place. 

From the square of k subtract the square of m, and taking the root 
of the remainder, denote it by h. Then, as » : A : ; 60 minutes : an 
interval of time, which being subtracted from the time of greatest ob- 
scuration, and added to it, will give approximate times of the beginning 
and end of the eclipse. 

8. Taking T' equal the approximate time of beginning, find as before, 
for this time, the values oip, q, H, m, C, c, g, t), r', and k. Also with 
the sun's declination as a course, and u as a distance, find the corres- 
ponding departure, marking it with the same sign as m, when the de- 
clination is -f-, but with a contrary sign when the declination is — , 
and denote it by E. Then with C and E, respectively as arguments, 
take the corresponding quantities from Table III., marking each with 
the same sign as its argument, and denote them by u' and v'. Then 
will u' and v express the horary changes of the parallaxes in right as- 
cension and'declination, at the time T'. 

vol,. V. — 4 A 
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From the square of k, subtract the square of m, and taking the root, 
denote it by h. Add together the squares of (p — u) and (q — «), 
and from the sum subtract the square of m. Take the root of the 
remainder, and denote it by h'. Add together the squares of (p' — m') 
and (q' — «'), and taking the root of the sum, it will be the value of 
n, at the time T'. Then as n : diflf. of h and h' :: 60 minutes : a cor- 
rection, in minutes, which being added to T', or subtracted from it, 
according as h' is greater or less than A, will give the corrected time 
of beginning. 

9. The corrected time of end is found in exactly the same manner, 
except that the correction is to be subtracted from T', the approximate 
time of end, when h' is greater than h, but added to it when h' is less 
than h. 

10. From the values of (p — m), (q — w), wand v, at the approxi- 
mate time of beginning, find, by means of their horary changes (p' — u'), 
(q' — «'), u' and v\ their values at the corrected time of beginning. 
Then taking the values of (p — u) and (q — v), divide the less by the 
greater, extending the quotient to three decimal places, and marking it 
-f- when the signs of (p — u) and (q — v) are alike, but — when 
they are different. Then with the quotient as the argument, take the 
corresponding arc from the proper column of Table V., as denoted by 
the remarks at the head of the table. If (p — m) is -|-, denote this 
arc by P, but if it is — ,add 180° to the arc, and denote the sum by P. 
With the values of u and v, proceed in the same manner to find another 
arc, denoting it by Q, if u is -\-, but adding 180° to it if u is — , and 
denoting the sum by Q. Subtract P from Q, increasing the latter by 
360° when it is less than the former, and denote the remainder by V. 
Then will V express the distance from the sun's vertex to the point of 
the disc at which the eclipse commences, measured on the circumfe- 
rence of the disc, from the vertex to the right hand. 

11. The times of beginning, greatest obscuration, and end, found as 
above, are expressed in Greenwich mean time, and may be changed 
to mean time of the given place, by adding or subtracting the difference 
of meridians in time, according as the place is east or west from Green- 
wich. 

Note 1. The calculation will be facilitated by having two small 
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tables, containing the values of u and C, for each degree of the 
hour angle, and b and / for each degree of declination, calculated for 
the place, from the expressions m = X sin. H, C = X cos. H, 6 = Y 
COS. Decl., and/= Y sin. Decl. These tables will also be equally 
convenient in the calculation of occultations. Tables VI. and VII. 
contain those values, calculated for the latitude of Philadelphia. 

2. If only a near approximation to the circumstances of the eclipse 
is required, the value of r may be used instead of r', and the values of 
h and n at the time of greatest obscuration may be taken, in finding 
the corrected times of beginning and end. Also in finding the point 
of the sun's disc at which the eclipse commences, the values of (p — u), 
(q — v), u and v, at the approximate time of beginning, may be used 
without correction; consequently, in this case/", g and E need not be 
found. The error thus produced in thfe time of beginning or end will 
seldom exceed a minute ; and the error in the magnitude of the eclipse 
cannot amount to a tenth of a digit. 

As an example, let it be required to calculate for Philadelphia, lat. 
39'' 57' N. long., 5 h. m. 44 sec. W., the circumstances of the eclipse 
of November 30th, 1834. 

For Philadelphia X = 7-68 and Y = 6-39. 

In the following calculation, the values of h, y, u and C are taken 
from Tables VI. and VII. ; the same values will, however, be easily 
obtained from the traverse table, with perhaps occasionally a difference 
of a unit in the last decimal figure. 

From the elements in the Nautical Almanac we obtain : 

Greenwich mean time of conjunc. in R. A., Nov. 30d. 6h. 32-9m. 
Moon's declination, . . . . — 20° 48' 13" 

Sun's declination, . . . . . — 21 41 05 

Sun's semidiameter, 16 15 

Diff.of sun's and moon's declinations, = + 52' 52" = + 3172" 
Diff.of their hor. motions in R. A., = +35 40 = + 2140 
Diff. of their hor. motions in declin., = — 8 48 = — 528 
Diff. of their eq. horizontal parallaxes, =: 60 14 = 3614 
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3172 X 10 ,„„„„, , 2140 X 10 
P^0'9=+ —3614 + 8-78, P' = + -^-^^ + 5-92 ; 

, = =. , 528 X 10 , ^„ 975 X 10 
P = + ^•^*' ? = 3614 l-*6' '• = -^614 2.70. 

h. m. 
T, . = , . 6 32-9 

Eq. of time, . . + IM 6 = + 5-93 

6 440 
Long. W. . . _ 5 0-7 /= — 2-36 

1 43-3 



H. . . , + 25°.8 

M = + 3'34, C = + 6-91, c = — 2-55, v = + 8-48. 

p — u = — 3-34 sq. 1M6 
q — v = + 0-30 sq. 0-09 

M. . . . sq. 11-25 

h. m. 
T' = 7 32*9 
j9 = + 5-54, g- = + 7-32, H = + 40°-8 
M=+5-02, C=r + 5-81, c =—2-15, t) = + 8-08 
p~u= + 0-52 sq. 0.27 p' —u' = + 3-86 sq. 14-90 

q — vaa — 0-76 sq. 0-58 q'—v' = + l-06 sq. 1-12 

sq. 16-02 
. sq. 11-25 

27-27 
. sq. 0-85 

. sq. 26-42 
h. m. m. h. m. 

6 32-9 + 49-5 = 7 22-4 = time of greatest obscuration. 

h. m. 
T' = 7 22-4 
^ a= + 4-57, q — 7-58, H = + 38°-2 

u=: + 4-75, C = + 6-03, c = — 2-23, ^ = + 5-54, y = + 8-16 
/+g- = + 3-18, r' = 2-69, k= 5-42 

p — u = ~ 0-18 sq. 0-03 
q — V = — 0-58 sq. 0-34 

m = 0-61 sq. 0-37 

6(k — m) 4-81 X 6 ,..,., 

— ^~P — " ■ ■ 2.69 — = ^"■'' = digits eclipsed on southern limb. 



M' 


. sq. 0.85 
m. 


n =4- 
M 


30 N» 


26-42 X 30 _ 
16-02 


M' . 

N 
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k = + 5-42 sq. 29-38 
m . . sq. 0-37 

/i = 5-39 sq. 29-01 

in. h. m. 
4-00 : 5-39 : : 60 : 1 20-8 
h. m. h. m. h. m. 

7 224 — 1 20-8 = 6 1-6 = approx. time of beginning, 
7 22-4 + 1 20-8 = 8 43-2 = approx. time of end. 

h. m. 

T' = 6 1-6 

q = + 9-54, H = 18°-0, u = + 2-37, 

g = + 6-78, V = 4- 8-63, f+g= 4-42, 

E = — 0-88, M' = + 1-91, V' = — 24, 

sq. 29-37 p — u =—5-2& 

sq. 0-37 q — v= + 0-91 

sq. 28-90 

m . 

Diff. = 0-08 h' . = 5-30 sq. *28-13 



p 


= 


— 2-89. 


c 


= . 


— 2-70, 


k 


= 


5-41, 


k 


= 


5-41, 


m 




- 


h 


= 


5-38 


h' 


= 


5-30 



C = 


-r 7-30 


r' == 


2-68 


sq. 


27-67 


sq. 


0-83 




28-50 


. sq. 


0-37 



p' —u' = + 3-63 
q' — v' = — 1-22 


sq. 
sq. 

sq. 

m. 
60 ; 


13-18 
1-49 


n . = 3-83 
3-83 : 0-08 :: 


14-67 

m. 
; 1-3 



h. m. m. h. m. 

6 1-6 — 1-3 = 6 0-3 = corrected time of beginning. 

h. ni. 
T' = 8 43-2 



p = 


+ 


12-03, 


1 = 


■\- 5-61, 


H 


= 


58°-4, 


u = 


+ 


6-54, 


C 


= 


+ 4-02 




— 


1-49, 


g = 


+ 3-74, 


V 


= 


+ 7-42, 


f+g 


= 


1-38, 


v' 


= 


2-69 


k = 




5-42, 


E = 


— 2-42, 


u' 


= 


+ 1-05, 


v' = 


— 


0-03, 








k = 




542, 


sq. 


29-38, 






P- 


- u = 


+ 


5-49, 




sq. 


3014 


m 






sq. 


0.37, 






1- 


■ v ■■= 


— 


1-81, 




sq. 


3-28 



h = 5-39, sq. 29-01, 33-42 

m . . . sq. 0-37 



p' 


— M'= + 


4-49, 


sq. 20-16, 


h' = . 5-75, 


1' 


n = 


0-83, 
4-57, 


sq. 0-69, 


h = . 5-39, 




sq. 20-85, 


DifT. = . 0-36. 










m. m. 








4-57 : 0-36 


:: 60 : 4-7 






h. 


m. m. h. ro. 








8 


43-2 — 4-7 = 8 38-5 


= corrected time of end. 




V01-. 


V. — 


4 B 





sq. 33-05 
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h. m. 

At. 6 0-3 

p — u = — 5-34, q — v = + 0'94, m = + 2-33, v = + 8-64 

q — v + 0-94 , „ 

^ = - ' „> = — -176 P = 280°-0 

jB — u — 5'34 

u + 2-33 

— = T Qfi^ = + "269 Q = 15°-1 

V + 8*64 ' 

V = Q — p = gs"-! 

Changing the Greenwich mean times into Philadelphia mean times, 
we have, 

h. m. 
Beginning, 59-6 

Greatest obscuration, 2 21*7 
End, 3 37-8 

The first part of the calculation, by note 2d to the rule, is the same 
as the preceding, except that /need not be found. The subsequent 
part, after the time of greatest obscuration is obtained, is as follows : — 

h. m. 
T'= 7 22-4 

;, = + 4-57, q= + 7-58, H = + 38°-2 

M =. + 4-75, C =» + 6-03, c = — 2-23, v= + 8-16 
p — u = — 0-18 sq. 0*03 

q — v=i — 0-58 sq. 0-34 

m = 0.61 sq. 0.37 

6ik—7n} 4-82 + 6 ,„„ ^. . ,. ^ 
= — g^iyTj — = 10*7 = digits eclipsed. 

k = 5-43 sq. 29-48 

m sq. 0-37 



A = 5-40 sq. 29-11 

m. h. m. 
4-00 : 5-40 : : 60 : 1 21-0 
h. m. h. in. h. m. 

7 22*4 — 1 21*0 = 6 1'4 = approx. time of begin. 
7 22-4 + 1 21-0 «: 8 43-4 = approx. time of end. 

h. ni. 
T' = 6 1-4 
p =: — 2-91, q= + 9-55, H = 17°-9 
M = + 2-36, C = + 7-30, c == — 2-70, « = + 8-63 
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p — u = — 5-27 
q — v = + 0-92 


sq. 27-77 
sq. 0-85 


m 


28-62 
sq. 0-37 



A'= 5-31 






sq. 


h = 5-40 








Diff.= 009 












m. 


m. 


4-00 : 


0-09 : 


: 60 ; 


: 1-3 



h. m. m. h. m. 

6 1-4 — 1-3 = 6 0-1 = near approx. time of begin. 

h. m. 
T'= 8 43-4 
p = + 12-05, 9 = + 5-60, H = 58°-4 
M = + 6-54, C = + 402, c = — 1-49, t) = + 7-42 
p — M = + 5-51 sq. 30-36 

q — V — — 1-82 sq. 3-31 





33-67 


m 


sq. 0-37 


A'= 5-77 


sq. 33-30 


h = 5-40 




DiiF. = 0-37 





m. m. 
400 : 0-37 : : 60 : 5-5 

h. m. m. h. m. 

8 43-4 — 5-5 = 8 37-9 = near approx. time of end. 

h. m. 

At 6 1-4 

£ni^±^ -174, P= 279-8 

p — u — 5-27 

V = Q — P = 95''-4 

If it is required to find the times of beginning and end with greater 
precision than by the foregoing rule, let T' represent the corrected 
Greenwich mean time of beginning, taken to the nearest minute, and 
find from the Nautical Almanac the corresponding sidereal time, ex- 
pressing it in arc. To the sidereal time thus expressed apply the lon- 
gitude of the place, also in arc, by adding, if the longitude is east, but 
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subtracting if it is west, and denote the result by Z. Find also, for 
the time T', the sun's right ascension in arc, denoting it by A ; the 
sun's declination, denoting it by D ; the moon's right ascension, in arc, 
denoting it by a ; the moon's declination, denoting it by d ; and the 
moon's equatorial horizontal parallax. Take the difference of the sun's 
and moon's parallaxes, and denote it by G. Also denote the sun's 
semidiameter by R. Then find the values of j9, q, r, m, and y, to four 
decimal places, by the following formulas. 

10 sin. (a — A) cos. d 
P ^ iuTG 

lOsin. ((Z— D) . ^ . , 

^ = iuTG "^ ^P *'"• ^ ^"'- (** ~ ^^ 

10 tang. R COS. (d — D) cos. (a — A) 
sin. G 
M = X sin (Z — A) 
V = Y COS. D — X sin. D cos. (Z — A) 

Find the value of g, for the time T, as directed in the preceding 
rule, and with the argument (/+ g) take the correction of r from 
Table IX,, and subtracting it from r, obtain r'. Take the moon's semi- 
diameter from Table VIII., with the equatorial parallax as the argu- 
ment, and adding it to r', the su.m will be the value of k. The square 
of m, and the value of n, at the approximate time of beginning, found 
iu the preceding calculation, although extending only to two decimal 
places, will be sufficiently accurate for the present calculation. 

Using a common table of squares, and proportioning for the last two 
figures of the roots, find the values of h and h\ as directed in article 
8 of the foregoing rule, and thence a second correction ; which 
being applied to T', as there directed, will give the true time of be- 
ginning. 

A similar calculation for the corrected time of end, will give the 
true time of end. 

The corrected time of begiiming of the eclipse just calculated, has 
been found to be 6 h. 0-3 m. Take therefore T'= 6 h. m. The 
sidereal time corresponding to this time is 339° 7' 22".2, expressed in 
arc. Hence for Philadelphia, long. 75° 10' 59" W., we have,Z = 263° 
56' 23".2, at the time T'. We also find A = 246° 21' 7".8, D = 
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— 21° 40' 51".5, a = 246° 1' 33".l, </ = — 20° 43' 8".l, moon's 
parallax = 60' 23".3, and R = 16' 14".8. 

Hence Z — A = 17° 35' 15 ", a — A = — 19' 34".7, <I — D = 
4- 57' 43".4, and G = 60' 14".6. 

With these values we obtain, p = — 3*0398, gr = -f- 9-5787, 
r = 2-6965, M = + 2-3195, and v = -j- 8-6398. 

The value of g, for the time T', is -f- 6-80, and consequently (/ + 
g') =1 -\- 4*44. This gives 00210 for the correction of r. Hence 
r'^ 2*6755. The moon's semidiaraeter taken from Table VHI is 
2-7315 ; consequently fe = 5*4070. Then, 

k = 5-4070 sq. 29-2357 p — u = — 5-3593 sq. 28-7221 
m sq. 0-3700 q — v = 0-9389 sq. 0-8815 



h = 5-3727 sq. 28'8657 




29-6036 


h' = 5-4068 


m 

h' = 5-4068 


sq. 0-3700 


Diff. = 0-0341 


sq. 29-2336 


m. 


m. sec. 





3-83 : 0-0341 : : 60 : 0-53 = 32 

Hence the true time of beginning is 6 h. m. 32 sec, in Greenwich 
mean time. 

For the end take T'= 8 h. 38 m. Then we shall find Z = 303° 
32' 52". 6, A = 246° 28' 13".3, D = — 21° 41' 55".3, a = 247° 
42' 41 ".8, d = — 21° 7' 4"*35 moon's parallax = 60' 21 ".6, and as be- 
fore R = 16' 14".8. We also find g = 3*88, and consequently / + 
g=l'52. 

Hencep = + ll*5373,5r = -f- 5*7414, r = 2*6975,r' = 2*6903, 
k = 5-4218, u = -{- 6*4435 and u = + 7*4782. 

k = 5-4218 sq. 29-3959 p — u= + 5-0938 sq. 25-9468 
m sq. 0-3700 q — v = '- 1-7368 sq. 3-0165 



h = 5-3876 sq. 29-0259 
/*'= 5-3473 


m 

h'= 5-3473 

m. sec. 
; 0-53 = 32 


28-9633 
sq. 0-3700 


Diff. = 0-0403 

m. 
4-57 : 0-0403 : : 60 ; 


sq. 28-5933 



Hence the true time of end is 8 h. 38 m. 32 sec. in Greenwich 
VOL. V. — 4 c 
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mean time. The true times of beginning and end, expressed in Phi- 
ladelphia mean time, will be 



h. 


m. 


sec. 





59 


48 


3 


37 


48 



Beginning, 
End, 

It thus appears that in the present example the time of beginning, 
as found in the foregoing rule, differs only 12 seconds from the true 
time, and that the time of end exactly corresponds with that obtained 
by the exact calculation. 

In these calculations no allowance has been made for irradiation and 
inflexion. To make this allowance we must diminish k, by subtract- 
ing from it the quotient of ten times the assumed value of these quan- 
tities, divided by the difference of the parallaxes in seconds. If we 
assume an irradiation and inflexion, amounting to 5", its effect in the 
present eclipse will be to make the time of beginning, at Philadelphia, 
13 seconds later, and the time of end 11 seconds earlier than as above 
obtained. Thus we should have 





h. m. sec. 


Beginning at 


1 1 


End at 


3 37 37. 
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TABLE I. 






TABLE n. 




TABLE IIL 


Logarithms x and y. 




Values of X and Y for each Degree of 




Values ofu' and v. 


Arg. Latitude of Place. 






Latitude. 




Arg. Cfor u'. 
Arg. E/or»'. 


Arg. 


Log. X. 


Log. y. 


Lat. 


X. 


Y. 


Lat. 


X. 


Y. 


Arg. 


I'OXV' 


Arg. 
5-0 


it'orc' 


0° 


100000 


0-99718 


0° 


10-00 


0-00 


45° 


7-08 


7-04 


0-0 


0-00 


1-31 


2 


1-00000 


0-99719 




1 


10-00 


017 


46 


6-96 


7-16 




01 


0-03 


51 


1-34 


4 


1-00001 


0-99719 




2 


9-99 


0-35 


47 


6-83 


■7-28 




0-2 


0-05 


5-2 


1-36 


6 


1-00002 


0-99720 




3 


9-99 


0-52 


48 


6-70 


7-40 




0-3 


0-08 


5-3 


1-39 


8 


100003 


0-99721 




4 


9-98 


0-69 


49 


6-57 


7-51 




0-4 


0-10 


5-4 


1-41 


10 


1-00004 


0-99723 




5 


9-96 


0-87 


50 


6-44 


7-63 




0-5 


013 


5-5 


1-44 


12 


1-00006 


0-99725 




6 


9-95 


1-04 


51 


6-31 


7-74 




0-6 


0-15 


5-6 


1-47 


14 


1-00008 


0-99727 




7 


9-93 


1-21 


52 


6-17 


7-84 




0-7 


0-18 


5-7 


1-49 


16 


lOOOll 


099729 




8 


9-90 


1-38 


53 


6-03 


7-95 




0-8 


0-21 


5-8 


1-52 


18 


1-00013 


0-99732 




9 


9-88 


1-55 


54 


5-89 


8-06 




0-9 


0-24 


5-9 


1-54 


30 


100016 


0-99735 




10 


9-85 


1-73 


55 


5-75 


8-16 




1-0 


0-26 


6-0 


1-57 


22 


1-00020 


0-99738 




11 


9-82 


1-90 


56 


5-60 


8-25 




1-1 


0-29 


61 


1-60 


24 


1-00023 


0-99742 




12 


9-78 


2-07 


57 


5-46 


8-35 




1-2 


0-31 


6-2 


1-62 


26 


1-00027 


0-99745 




13 


9-74 


2-24 


58 


5-31 


8-45 




1-3 


0-34 


6-3 


1-65 


28 


1-00031 


0-99749 




14 


9-70 


2-40 


59 


5-16 


8-54 




1-4 


0-37 


6-4 


1-68 


30 


100035 


0-99754 




15 


9-66 


2-57 


60 


5-01 


8-63 




1-5 


0-39 


6-5 


1-70 


32 


1-00039 


0-99758 




16 


9-62 


2-74 


61 


4-86 


8-71 




1-6 


0-42 


6-6 


1-73 


34 


1-00044 


0-99762 




17 


9-57 


2-91 


62 


4-71 


8-79 




1-7 


0-45 


6-7 


1-75 


36 


1-00048 


0-99767 




18 


9-51 


3-07 


63 


4.55 


8-87 




1-8 


0-47 


6-8 


1-78 


38 


1-00053 


0-99772 




19 


9-46 


3-24 


64 


4-40 


8-95 




1-9 


0-50 


6-9 


1-81 


40 


1-00058 


0-99777 




20 


9-40 


3-40 


65 


4-24 


9-03 




2-0 


0-52 


7.0 


1-83 


42 


1-00063 


0-99781 




21 


9-34 


3-56 


66 


4-08 


9-10 




2-1 


0-55 


7-1 


1-86 


44 


1-00068 


0-99786 




22 


928 


3-72 


67 


3-92 


9-17 




2-2 


0-58 


7-2 


1-88 


46 


1-00073 


0-99791 




23 


9-21 


3-88 


68 


3-76 


9-24 




23 


0-60 


7-3 


1-91 


48 


1-00078 


0-99796 




24 


9-14 


4-04 


69 


3-59 


9-30 




2-4 


0-63 


7-4 


1-94 


50 


1-00082 


0-99801 




25 


9-07 


4-20 


70 


3-43 


9-36 




2-5 


0-65 


7-5 


1-96 


52 


1-00087 


0-99806 




26 


8 99 


4-36 


71 


3-27 


9-42 




2-6 


0-68 


7-6 


1-99 


54 


1-00092 


0-99810 




27 


8-92 


4-51 


73 


310 


9-48 




2-7 


0-71 


7-7 


2-03 


56 


1-00097 


0-99815 




28 


8-84 


4-67 


73 


2-93 


9-53 




2.8 


0-73 


7-8 


2-04 


58 


1-00101 


0-99820 




29 


8-75 


4-82 


74 


2-76 


9-58 




2-9 


0-76 


7-9 


2-07 


60 


1-00105 


0-99824 




30 


8-67 


4-97 


75 


2-60 


9-63 




3-0 


0-79 


8-0 


2-09 


62 


1-00110 


0-99828 




31 


8-58 


5-12 


76 


2-43 


9-67 




3-1 


0-81 


8-1 


2-12 


64 


100114 


0-99832 




32 


8-49 


5-27 


77 


2-26 


9-71 




3-2 


0-84 


8-2 


2-15 


66 


1-00117 


0-99836 




33 


8-39 


5-42 


78 


209 


9-75 




3-3 


0-86 


8-3 


2-17 


68 


1-00121 


0-99839 




34 


8-30 


5-56 


79 


1-91 


9-78 




3-4 


0-89 


8-4 


2-20 


70 


100124 


0-99843 




35 


8-20 


5-70 


80 


1-74 


9-81 




3-5 


0-92 


8-5 


2-23 


72 


1-00127 


0-99846 




36 


8-10 


5-85 


81 


1-57 


9-84 




3-6 


0-94 


8-6 


2-25 


74 


100130 


0-99848 




37 


8-00 


5-99 


82 


1-40 


9-87 




3-7 


0-97 


8-7 


2-28 


76 


100133 


0-99851 




38 


7-89 


612 


83 


1-22 


9-89 




3-8 


0-99 


8-8 


2-30 


78 


1-00135 


0-99853 




39 


7-78 


6-26 


84 


1-05 


9-91 




3-9 


1-02 


8-9 


2-33 


80 


1-00137 


0-99855 




40 


7-67 


6-39 


85 


0-87 


9-93 




4-0 


105 


9-0 


2-36 


82 


1-00138 


0-99856 




41 


7-56 


6-53 


86 


0-70 


9-94 




4-1 


1-07 


91 


2-38 


84 


1-00139 


0-99858 




42 


7-44 


6-66 


87 


0-53 


9-95 




4-2 


1-10 


9-2 


2-41 


86 


1-00140 


0-99859 




43 


7-32 


6-79 


88 


0-35 


9-96 




4.3 


1-13 


9-3 


2-43 


88 


1-00141 


0-99859 




44 


7-20 


6-91 


89 


0-18 


9-97 




4-4 


1.15 


9-4 


2-46 


90 


1-00141 


0-99859 




45 


7-08 


7-04 


90 


0-00 


9-97 


















1 










4-5 


1-18 


9-5 


2-49 


jVV)(e. — In the calcula- 






4-6 


1-20 


9-6 


2-51 


tion of the above Table 






4.7 


1-23 


9-7 


2-54 


the earth's compression 






4-8 
4-9 


1-26 
1-28 


9-8 
9-9 


2.57 
2-59 


was assumed to be __ 


















5-0 


1-31 


10-0 


2-62 



312 



PRACTICAL RULE FOR CALCDLATING 













TABLE IV. 


















Squares of Numbers to two Decimal Places. 








Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


0-00 


000 


0-60 


0-36 


1-20 


1-44 


1-80 


3-24 


2-40 


5-76 


3-00 


9.00 


001 


0-00 


061 


0-37 


1-21 


1-46 


1-81 


3-28 


241 


5-81 


301 


906 


0-02 


0-00 


0-62 


0-38 


1-22 


1-49 


1-82 


3-31 


2-42 


5-86 


3-02 


9-12 


0-03 


000 


0-63 


0-40 


1-23 


1-51 


1-83 


3-35 


2-43 


5-90 


303 


9-18 


004 


0-00 


0-64 


0-41 


1-24 


1-54 


1-84 


3-39 


2-44 


5-95 


304 


9-24 


0-05 


000 


0-65 


0-42 


1-25 


1-56 


1-85 


3-42 


2-45 


6-00 


305 


930 


006 


0-00 


0-66 


0-44 


1-26 


1-59 


1-86 


3-46 


2 46 


6-05 


306 


9-36 


0-07 


0-00 


0-67 


0-45 


1-27 


1-61 


1-87 


3-50 


2-47 


610 


307 


9-42 


0-08 


001 


0-68 


0-4C 


1-28 


1-64 


1-88 


3-53 


a>48 


615 


3-08 


9-49 


009 


0-01 


0-69 


0-48 


1-29 


1-66 


1-89 


3-57 


2-49 


6-20 


309 


9-55 


010 


001 


0-70 


0-49 


1-30 


1-69 


1-90 


3-61 


2-50 


6-25 


310 


9-61 


Oil 


001 


0-71 


0-50 


1-31 


1-72 


1-91 


3-65 


2-51 


6-30 


311 


9-67 


0-12 


001 


0-72 


0-52 


1-32 


1-74 


192 


3-69 


252 


6-35 


312 


9-73 


0-13 


0-02 


0-73 


0-53 


1-33 


1-77 


1-93 


3-72 


2-53 


6-40 


313 


9-80 


014 


002 


0-74 


0-55 


1-34 


1-80 


1-94 


3-76 


2-54 


6-45 


314 


9-86 


0-15 


0-02 


0-75 


0-56 


1-35 


1-82 


1-95 


3-80 


2-55 


6-50 


315 


9-92 


016 


003 


0-76 


0-58 


136 


1-85 


1-96 


3-84 


2-56 


6-55 


316 


9-99 


017 


003 


0-77 


0-59 


1-37 


1-88 


1-97 


3-88 


2-57 


6-60 


317 


1005 


0-18 


003 


0-78 


061 


1-38 


1-90 


1.98 


3-92 


2-58 


6-66 


3-18 


1011 


019 


0-04 


0-79 


0-62 


1-39 


1-93 


1.99 


3-96 


2-59 


6-71 


319 


1018 


0-20 


0-04 


0-80 


0-64 


1-40 


1-96 


2.00 


4-00 


2-60 


6-76 


3-20 


10-24 


0-21 


0-04 


0-81 


0-66 


1-41 


1-99 


201 


404 


2-61 


6-81 


3-21 


10-30 


0-22 


0-05 


0-82 


0-67 


1-42 


2-02 


2-02 


4-08 


2-62 


6-86 


3-22 


10-37 


0-23 


0-05 


0-83 


0-69 


1-43 


2-04 


2.03 


412 


2-63 


6-92 


3-23 


10-43 


0-24 


0-06 


0-84 


0-71 


1-44 


207 


2-04 


416 


2-64 


6-97 


3-24 


10-50 


0-25 


0-06 


0-85 


0-72 


1-45 


210 


2.05 


4-20 


2-65 


7-02 


3-25 


10 56 


0-26 


0-07 


0-86 


0-74 


1-46 


213 


2.06 


4-24 


2-66 


7-08 


3-26 


10-63 


0-27 


0-07 


0-87 


0-76 


1-47 


21G 


2-07 


4-28 


2-67 


713 


3-27 


10-69 


0-28 


0-08 


0-88 


0-77 


1-48 


219 


2-08 


4-33 


2-68 


7-18 


3-28 


10-76 


0-29 


0-08 


0-89 


0-79 


1-49 


2-22 


209 


4-37 


2-69 


7-24 


3'29 


10-82 


0-30 


0-09 


0-90 


0'81 


1-50 


2-25 


210 


4-41 


2-70 


7-29 


330 


10-89 


0-31 


0-10 


0-91 


0-83 


1-51 


2-28 


211 


4-45 


2-71 


7-34 


3-31 


10-96 


0-32 


010 


0'92 


0-85 


1-52 


2-31 


212 


4-49 


2-72 


7-40 


3-32 


1102 


0-33 


on 


0'93 


0-86 


1-53 


2-34 


213 


4-54 


2-73 


7-45 


3-33 


11-09 


034 


012 


0-94 


0-88 


1-54 


2-37 


214 


4-58 


2-74 


7-51 


3-34 


1116 


0-35 


012 


0-95 


0-90 


1-55 


2-40 


215 


4-62 


2-75 


7-56 


3-35 


11-22 


036 


013 


0'96 


0'92 


1-56 


2-43 


216 


4-67 


2-76 


7-62 


3-36 


11-29 


0-37 


014 


0-97 


0-94 


1-57 


2-46 


217 


4-71 


2-77 


7-67 


3-37 


11-36 


0-38 


014 


0-98 


0-96 


1-58 


2-50 


2-18 


4-75 


2-78 


7-73 


3-38 


11-42 


0-39 


0-15 


0-99 


0-98 


1-59 


2-53 


2-19 


4-80 


2-79 


7-78 


3-39 


11-49 


0-40 


016 


100 


1-00 


1-60 


2-56 


2-20 


4-84 


2-80 


7-84 


3-40 


11-56 


0-41 


0-17 


101 


102 


101 


2-59 


2-21 


4-88 


2-81 


7-90 


341 


11-63 


0-42 


0-18 


102 


104 


1-62 


2-62 


2-22 


4-93 


2-82 


7-95 


3-42 


11-70 


0-43 


0-18 


1-03 


1-06 


163 


2-66 


2-23 


4-97 


2.83 


8-01 


3-43 


11-76 


0-44 


019 


104 


1-08 


1-64 


2-69 


224 


5-02 


2-84 


8-07 


3-44 


11-83 


045 


0-20 


105 


110 


1-65 


2-72 


2-25 


5-06 


2-85 


8-12 


3-45 


11-90 


0-46 


0-21 


106 


112 


1-66 


2-76 


2-26 


5.11 


2-86 


8-18 


3-46 


11-97 


0-47 


0-22 


107 


114 


1-67 


2-79 


2-27 


515 


2-87 


8-24 


3-47 


1204 


0-48 


0-23 


1-08 


117 


168 


2'82 


2-28 


5-20 


2-88 


8-29 


3-48 


12-11 


0-49 


0-24 


109 


119 


1-69 


2-86 


2-29 


5-24 


2-89 


8-35 


3-49 


1218 


0-50 


0-25 


110 


1-21 


1-70 


2-89 


230 


5-29 


2-90 


8-41 


3-50 


12-25 


0-51 


0-26 


111 


1-23 


1-71 


2-92 


2-31 


5-34 


2-91 


8-47 


3-51 


12-32 


0-52 


0-27 


112 


1-25 


172 


2-96 


2-32 


5-38 


2-92 


8-53 


3-52 


12-39 


0-53 


0-28 


113 


1-28 


1-73 


2-99 


2-33 


5-43 


2-93 


8-58 


3-53 


12-46 


0-54 


0-29 


114 


1-30 


1-74 


303 


2-34 


5-48 


2-94 


8-64 


3-54 


12 53 


0-55 


030 


115 


1-32 


1-75 


300 


2-35 


5-52 


2-95 


8-70 


3-55 


12-60 


0-56 


0-31 


116 


1-35 


1-70 


310 


2-36 


5-57 


2-96 


8-76 


3-56 


12-67 


0-57 


0-32 


117 


1-37 


1-77 


313 


2-37 


5-62 


2-97 


8-82 


3-57 


12-74 


0-58 


0-34 


118 


1-39 


1-78 


317 


2-38 


5-66 


2-98 


8-88 


3-58 


12-82 


0-59 


0-35 


119 


1-42 


1-79 


3-20 


2-39 


5-71 


2-99 


8-94 


3-59 


12-89 


0-60 


0-36 


1-20 


1-44 


1-80 


3-24 


2-40 


5-76 


300 


9-00 


3-60 


12-96 
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TABLE IV, CONTINUED. 












Squares of Numbers to two Decimal Places. 






Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


3-60 


12-96 


4-20 


17-64 


4-80 


23-04 


5-40 


29-16 


6-00 


36'00 


3-61 


1303 


4-21 


17-72 


4-81 


23-14 


5-41 


29-27 


601 


3612 


3-62 


1310 


4-22 


17-81 


4-82 


23-23 


5-42 


29-38 


6-02 


36-24 


3-63 


1318 


4-23 


17-89 


4-83 


23-33 


5-43 


29-48 


6-03 


36-36 


3-64 


13-25 


4-24 


17-98 


4-84 


23-43 


5-44 


29-59 


6-04 


36-48 


3-65 


13-32 


4-25 


18-06 


4-85 


23-52 


5-45 


29-70 


6-05 


36-60 


3.66 


13-40 


4-26 


1815 


4-86 


23-62 


5-46 


29-81 


6-06 


36-72 


3-67 


13-47 


4-27 


18-23 


4-87 


23-72 


5 47 


29'92 


6 07 


36 84 


3-68 


13-54 


4-28 


18-32 


4-88 


23-81 


5-48 


30-03 


6-08 


36-97 


3-69 


13-62 


4-29 


18-40 


4-89 


23-91 


5-49 


30-14 


6-09 


37-09 


3-70 


13-69 


4-30 


18-49 


4-90 


24-01 


5-50 


30-25 


610 


37-21 


3-71 


13-76 


4-31 


18-58 


4-91 


24-11 


5-51 


30-36 


611 


37-33 


3-72 


13-84 


4-32 


18-66 


4-92 


24-21 


5-52 


30-47 


6-12 


37-45 


3-73 


13-91 


4-33 


18-75 


4-93 


24-30 


5-53 


30-58 


613 


37-58 


3-74 


13-99 


4-34 


18-84 


4-94 


24-40 


5-54 


30-69 


6-14 


37-70 


3-75 


1406 


4-35 


18-92 


4-95 


24-50 


5-55 


30-80 


6-15 


37-82 


3-76 


14-14 


4-36 


19-01 


4-96 


24-60 


5-56 


30-91 


6-16 


37-95 


3-77 


14-21 


4-37 


1910 


4-97 


24-70 


5-57 


31-02 


6-17 


38-07 


3-78 


14-29 


4-38 


19-18 


4-98 


24-80 


5-58 


3114 


6-18 


38-19 


3-79 


14-36 


4-39 


19-27 


4-99 


24-90 


5-59 


31-25 


6-19 


38-32 


3-80 


14-44 


4-40 


19-36 


5-00 


25-00 


5-60 


31-36 


6-20 


38-44 


3-81 


14-52 


4-41 


19.45 


5-01 


25-10 


5-61 


31-47 


6-21 


38-56 


3-82 


14-59 


4-42 


19-54 


5-02 


25-20 


5-62 


31-58 


6-22 


38-69 


3-83 


14-67 


4-43 


19-62 


503 


25-30 


5-63 


31-70 


6-23 


38-81 


3-84 


14-75 


4-44 


19-71 


5-04 


25-40 


5-64 


31-81 


6-24 


38-94 


3-85 


14-82 


4-45 


19-80 


5-05 


25-50 


5-65 


31-92 


6-25 


39-06 


3-86 


14.90 


4-46 


19-89 


506 


25-60 


5-66 


32-04 


6-26 


39-19 


3-87 


14-98 


4-47 


19-98 


5-07 


25-70 


5-67 


3215 


6-27 


39-31 


3.88 


15-05 


4-48 


20-07 


5-08 


25-81 


5-68 


32-26 


6-28 


39-44 


3-89 


15-13 


4-49 


20-16 


5-09 


25-91 


5.69 


32-38 


6-29 


39-56 


3-90 


15-21 


4-50 


20-25 


5-10 


26-01 


5-70 


32-49 


6-30 


39-69 


3-91 


15-29 


4-5] 


20-34 


5-11 


26-11 


5-71 


32-60 


6-31 


39-82 


3-92 


15-37 


4-52 


20-43 


512 


26-21 


5-72 


32-72 


6-32 


39-94 


3-93 


15-44 


4-53 


20-52 


5-13 


26-32 


5-73 


32-83 


6-38 


40-07 


3-94 


15-52 


4-54 


20-61 


5-14 


26-42 


5-74 


32-95 


6-34 


40-20 


3-95 


15-60 


4-55 


20-70 


5-15 


26-52 


5-75 


33-06 


6-35 


40-32 


3-96 


15-68 


4-56 


20-79 


5-16 


26-63 


5-76 


33-18 


6-36 


40-45 


397 


15-76 


4-57 


20-88 


5-17 


26-73 


5-77 


33-29 


6-37 


40-58 


3-98 


15-84 


4-58 


20-98 


5-18 


26-83 


5-78 


33-41 


6-38 


40-70 


3-99 


15-92 


4-59 


21-07 


5-19 


26-94 


5-79 


33-52 


6-39 


40-83 


4-00 


16-00 


4-60 


21-16 


5-20 


27-04 


5-80 


33-64 


6-40 


40-96 


401 


16-08 


4-61 


21-25 


5-21 


27-14 


5-81 


33-76 


6-41 


41-09 


402 


16-16 


4-62 


21-34 


5-22 


27-25 


5-82 


33-87 


6-42 


41-22 


403 


16-24 


4-63 


21-44 


5-23 


27-35 


5-83 


33-99 


6-43 


41-34 


404 


16-32 


4-64 


21-53 


5-24 


27-46 


5-84 


34-11 


6-44 


41-47 


405 


16-40 


4-65 


21-62 


5-25 


27-56 


5-85 


34-22 


6-45 


41-60 


406 


16-48 


4-66 


21-72 


5-26 


27-67 


5-86 


34-34 


6-46 


41-73 


407 


16-56 


4-67 


21-81 


5-27 


27-77 


5-87 


34-46 


6-47 


41-86 


4-08 


16-65 


4-68 


21-90 


5-28 


27-88 


5-88 


34-57 


6-48 


41-99 


4-09 


16-73 


4-69 


22-00 


5-29 


27-98 


5 89 


34-69 


649 


42-12 


4-10 


16-81 


4-70 


22.09 


5-30 


28-09 


5-90 


34-81 


6-50 


42-25 


411 


16-89 


4-71 


22-18 


5-31 


28-20 


5-91 


34-93 


6-51 


42-38 


412 


16-97 


4-72 


22 28 


5-32 


28-30 


5-92 


35-05 


6-52 


42-51 


413 


17-06 


4-73 


22-37 


5-33 


28-41 


5-93 


35-16 


6-53 


42-64 


414 


1714 


4-74 


22-47 


5-34 


28-52 


5-94 


35-28 


6-54 


42-77 


4-15 


17-22 


4-75 


22-56 


5-35 


28-62 


5-95 


35-40 


6-55 


42-90 


416 


1731 


4-76 


22-66 


5-36 


28-73 


5-96 


35-52 


6-56 


43-03 


4-17 


17-39 


4-77 


22-75 


5-37 


28-84 


5-97 


35-64 


6-57 


43-16 


4-18 


17-47 


4-78 


22-85 


5-38 


28-94 


5-98 


35-76 


6-58 


43-30 


419 


17-56 


4-79 


22-94 


5-39 


29-05 


5-99 


35-88 


6-59 


43-43 


4-20 


17-64 


4-80 


23-04 


5-40 


29-16 


6-00 


36-00 


6-60 


43-56 
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TABLE IV. CONTINUED. 










Squares of Numbers to two Decimal Places. 






Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


Root. 


Square. 


6-60 


43-56 


7-20 


51-84 


7-80 


60-84 


8-40 


70-56 


6-61 


43-69 


7-21 


51-98 


7-81 


61-00 


8-41 


70-73 


6-62 


43-82 


7-22 


5213 


7-82 


61-15 


8-42 


70-90 


C-63 


43-96 


7-23 


52-27 


7-83 


61-31 


8-43 


7106 


6-C4 


4409 


7-24 


52-42 


7-84 


61-47 


8-44 


71-23 


C-65 


44-22 


7-25 


52-56 


7-85 


61-62 


8-45 


71-40 


6-66 


44-36 


7-26 


52-71 


7-86 


61-78 


8-46 


71-57 


C-67 


44-49 


7-27 


52-85 


7-87 


61-94 


8-47 


71-74 


C-68 


44-62 


7-28 


53-00 


7-88 


62-09 


8-48 


71-91 


C-69 


44-76 


7-29 


5314 


7-89 


62-25 


8-49 


72-08 


C-70 


44-89 


7-30 


53-29 


7-90 


62-41 


8-50 


72-25 


6-71 


4502 


7-31 


53 44 


7-91 


62-57 


8-51 


72-42 


6-72 


45-16 


7-32 


53-58 


7-92 


62-73 


8-52 


72-59 


6-73 


45 29 


7-33 


53-73 


7 93 


02-88 


8-53 


72-76 


6-74 


45-43 


7-34 


53-88 


7-94 


6301 


8-54 


72-93 


C-75 


45-56 


7-35 


54-02 


7-95 


63-20 


8-55 


73-10 


6-76 


45-70 


7-36 


5417 


7-96 


03-36 


8-56 


73-27 


C-77 


45-83 


7-37 


54-32 


7-97 


63-52 


8-57 


73-44 


C-78 


45-97 


7-38 


54-46 


7-98 


63-68 


8-58 


73-62 


6-79 


46-10 


7-39 


54-61 


7.99 


63-84 


8-59 


73-79 


6-80 


46-24 


7.40 


54-76 


8-00 


64-00 


8-00 


73-96 


6-81 


46-38 


7-41 


54-91 


8-01 


64-16 


8-61 


74-13 


6-82 


46-51 


7-42 


5506 


8-02 


64-32 


8-62 


74-30 


6-83 


46-65 


7-43 


55-20 


8-03 


64-48 


8-63 


74-48 


6-84 


46-79 


7-44 


55-35 


8-04 


64-64 


8-64 


74-65 


C-85 


46-92 


7-45 


55-50 


8-05 


64-80 


8-65 


74-82 


6-86 


47-06 


7-46 


55-65 


8-06 


64-96 


8-66 


75-00 


6-87 


47-20 


7-47 


55-80 


8-07 


65-12 


8-67 


75-17 


6-88 


47-33 


7-48 


55-95 


8-08 


65-29 


8-68 


75-34 


6-89 


47-47 


7-49 


5610 


8-09 


05-45 


8-69 


75-52 


6-90 


47-61 


7-50 


56-25 


8-10 


05-61 


8-70 


75-69 


6-91 


47-75 


7-51 


56-40 


8-11 


65-77 


8-71 


75-86 


(i-92 


47-89 


7-52 


56-55 


8-12 


C5-93 


8-72 


76-04 


6-93 


48-02 


7-53 


56-70 


8-13 


66-10 


8-73 


76-21 


C-94 


4816 


7-54 


56-85 


8-14 


66 26 


8-74 


76-39 


6-95 


48-30 


7-55 


57-00 


8-15 


06-42 


8-75 


76-56 


6-96 


48-44 


7-56 


57-15 


816 


66-59 


8-76 


76-74 


C-97 


48-58 


7-57 


57-30 


8-17 


66-75 


8-77 


76-91 


6-98 


48-72 


7-58 


57-46 


8-18 


6691 


8-78 


77-09 


6-99 


48-86 


7-59 


57-01 


8-19 


67-08 


8-79 


77-26 


7-00 


49-00 


7-60 


57-76 


8-20 


07-24 


8-80 


77-44 


7-01 


49-14 


7-61 


57-91 


8-21 


67-40 


8-81 


77-62 


702 


49-28 


7-62 


58-06 


8-22 


67-57 


8-82 


77-79 


7-03 


49-42 


7-63 


58-22 


8 23 


67-73 


8-83 


77-97 


704 


49-56 


7-64 


58 37 


8-24 


67-90 


8-84 


78-15 


7 05 


49-70 


7-65 


58-52 


8-25 


68-06 


8-85 


78-32 


7-06 


49-84 


7-66 


58-68 


8-26 


68-23 


8-86 


78-50 


7-07 


49-98 


7-67 


58-83 


8-27 


68-39 


8-87 


78-68 


7-08 


50-13 


7-68 


58-98 


8-28 


68-56 


8-88 


78-85 


7-09 


50-27 


7-09 


59-14 


8-29 


68-72 


8-89 


79-03 


710 


50-41 


7-70 


59-29 


8 30 


68-89 


8-90 


79-21 


7-11 


50-55 


7-71 


59-44 


8-31 


69-06 


8-01 


79-39 


712 


50-69 


7-72 


59-60 


832 


69-22 


8-92 


79-57 


713 


50-84 


7-73 


59-75 


8-33 


69-39 


8-93 


79-74 


714 


50-98 


7-74 


59-91 


8-34 


69-56 


8-94 


79-92 


715 


51-12 


7-75 


00-06 


8-35 


69-72 


8-95 


80-10 


716 


51-27 


7-76 


60-22 


8-36 


69-89 


8-96 


80-28 


717 


51-41 


7.77 


60-37 


8-37 


70-06 


8-97 


80-46 


7-18 


51-55 


7-73 


60-53 


8-38 


70-22 


8-98 


80-64 


719 


51-70 


7-79 


60-68 


8-39 


70-39 


8-99 


80-82 


7-20 


51-84 


7-80 


60-84 


8-4P 


70-56 


9-00 


81-00 
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TABLE V. 




V - 


— « u 


»..J-: 


— » V 




P - 


— M U 


-.-r- 


— V V 




Arg^ — 


-v^'v 


-u°'u 




Arg-fl 




-u°'u 


Arg. 


Arg. + 


Arg.- 


Arg.+ 


Arg.- 


Arg. 


Arg + 


Arg.- 1 


Arg.+ 


Arg.- 


•00 


0°^0 


isoo-o 


go'-^o 


go^-o 


•50 


26''^6 


153''4 


63''^4 


116<'6 


•01 


6 


179 4 


89 -4 


90 6 


•51 


27 •O 


153 


63 


117 


•02 


1 1 


178 •g 


88 -9 


91 ■I 


■52 


27 ^5 


152 5 


62 5 


117 -5 


•03 


1 -7 


178 ^3 


88 -3 


91 -7 


■53 


27 -9 


152 1 


62 1 


117 -9 


•04 


2 3 


177 ^7 


87 -7 


92 3 


•54 


28 -4 


151 6 


61 -6 


118 -4 


•05 


2 9 


177 1 


87 -1 


92 -9 


•55 


28 ^8 


151 -2 


61 2 


118 ^8 


•06 


3 -i 


176 -6 


86 .6 


93 -4 


•56 


29 -2 


150 -8 


60 -8 


119 2 


•07 


4 ■O 


176 


86 


94 


■57 


29 -7 


150 3 


60 3 


119 -7 


•08 


4 ■C 


175 -4 


85 -4 


94 ^6 


•58 


30 1 


149 9 


59 -9 


120 l 


•09 


5 ■! 


174 -9 


84 -9 


95 1 


•59 


30 5 


149 -5 


59 ^5 


120 5 


•10 


5 -7 


174 3 


84 -i 


95 ^7 


•60 


31 


149 


59 -0 


121 •O 


•11 


6 3 


173 -7 


83 -7 


96 -3 


•61 


31 -4 


148 -6 


58 ■e 


121 -4 


•12 


6 -8 


173 -2 


83 -2 


96 -8 


62 


31 -8 


148 -2 


58 -2 


121 -8 


•13 


7 -i 


172 6 


82 ^6 


97 -4 


•63 


32 -2 


147 -8 


57 -8 


122 2 


■14 


8 •O 


172 


82 •O 


98 -0 


•64 


32 6 


147 -4 


57 -4 


122 ■O 


•15 


8 ^5 


171 5 


81 ^5 


98 •S 


•65 


33 


147 


57 -0 


123 -0 


•16 


9 1 


170 9 


80 -9 


99 1 


•66 


33 4 


146 6 


56 -6 


123 -4 


•17 


9 ^6 


170 -4 


80 -4 


99 ^6 


•67 


33 •S 


146 2 


56 -2 


123 -8 


•18 


10 -2 


169 -8 


79 ^8 


100 -2 


•68 


34 -2 


145 ^8 


55 -8 


124 -2 


•19 


10 -8 


169 2 


79 2 


100 -8 


•69 


34 -6 


145 -4 


55 -4 


124 6 


•20 


11 3 


168 -7 


78 -7 


101 •S 


•70 


35 


145 ■O 


55 


125 


•21 


11 9 


168 ■I 


78 -1 


101 9 


•71 


35 -4 


144 6 


54 ^6 


125 -4 


•22 


12 4 


167 6 


77 ^6 


102 -4 


•72 


35 ^8 


144 2 


54 -2 


125 ■S 


•23 


13 


167 ■O 


77 ■O 


103 •O 


•73 


36 1 


143 9 


53 -9 


126 1 


•24 


13 5 


166 -5 


76 ^5 


103 ^5 


•74 


36 •S 


143 5 


53 5 


120 -5 


•25 


14 


166 ■O 


76 •O 


104 •O 


■75 


36 9 


143 1 


53 1 


1^ -9 


■26 


14 6 


165 4 


75 -4 


104 -6 


■76 


37 -2 


142 •S 


52 ■S 


127 2 


•27 


15 1 


164 9 


74 -9 


105 1 


•77 


37 6 


142 ^4 


52 4 


127 ^6 


••28 


15 -6 


164 4 


74 -4 


105 •e 


•78 


38 ■O 


142 


52 -0 


128 ■O 


■29 


16 2 


163 8 


73 ^8 


106 -2 


•79 


38 ■S 


141 -7 


51 -7 


128 ^3 


■30 


16 7 


163 3 


73 3 


106 -7 


■80 


38 -7 


141 3 


51 ^3 


128 -7 


•31 


17 -2 


162 ^8 


72 ^8 


107 2 


■ai 


39 -0 


141 


51 -0 


129 ■O 


•32 


17 7 


162 -3 


72 -3 


107 -7 


.82 


39 ^4 


140 6 


50 -6 


129 -4 


•33 


18 -3 


161 -7 


71 -7 


108 ^3 


.83 


39 -7 


140 3 


50 3 


129 -7 


•34 


18 •S 


161 2 


71 -2 


108 ^8 


.84 


40 •O 


140 


50 


130 


•35 


19 ^3 


160 7 


70 -7 


109 -3 


•85 


40 -4 


139 •e 


49 •e 


130 -4 


•36 


19 •S 


160 -2 


70 -2 


109 -8 


■86 


40 -7 


139 3 


49 3 


130 ^7 


•37 


20 3 


159 -7 


69 -7 


110 -3 


•87 


41 


139 


49 


131 


•38 


20 •S 


159 -2 


69 -2 


110 ^8 


•88 


41 3 


138 -7 


48 -7 


131 3 


■39 


21 -3 


158 -7 


68 -7 


111 -3 


•89 


41 7 


138 ^3 


48 -3 


131 -7 


•40 


21 •S 


158 -2 


68 -2 


111 ^8 


•90 


42 


138 •O 


48 •O 


132 


•41 


22 3 


157 -7 


67 -7 


112 -3 


•91 


42 3 


137 -7 


47 ^7 


132 3 


•42 


22 -8 


157 -2 


67 -2 


112 -8 


•92 


42 -6 


137 -4 


47 -4 


132 6 


■43 


23 3 


156 -7 


66 -7 


113 3 


•93 


42 -9 


137 1 


47 1 


132 -9 


•44 


23 -7 


156 3 


66 ^3 


113 7 


•94 


43 -2 


136 -8 


46 -8 


133 2 


•45 


24 ^2 


155 -8 


65 -8 


114 -2 


•95 


43 5 


136 -5 


46 -5 


133 5 


•46 


24 7 


155 -3 


65 3 


114 -7 


•96 


43 -8 


136 2 


46 2 


133 8 


•47 


25 2 


154 ^8 


64 ^8 


115 -2 


•97 


44 1 


135 -9 


45 -9 


134 1 


•48 


25 6 


154 -4 


64 4 


115 6 


•98 


44 -4 


135 6 


45 -6 


134 -4 


•49 


26 1 


153 -9 


63 9 


116 1 


•99 


44 7 


135 -3 


45 •S 


134 ■? 


•50 


26 6 


153 4 


63 -4 


116 6 


100 


45 ■O 


135 


45 •O 


135 
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TABLE VI. 

Values of u and Cfor Latitude of Philadelphia. 
Arg. The Hour jingle H. 



Arg. 


Arg. 


u. 


C. 


Arg. 


Arg. 


180° 


0° 


000 


7-68 


90" 


90° 


179 


1 


013 


7-68 


89 


91 


178 


2 


0-27 


7-67 


88 


92 


177 


3 


0-40 


7-67 


87 


93 


176 


4 


0-54 


7-66 


86 


94 


175 


5 


0-67 


7-65 


85 


95 


174 


6 


0-80 


7-63 


84 


96 


173 


7 


0-93 


7-62 


83 


97 


172 


8 


107 


7-60 


82 


98 


171 


9 


1-20 


7-58 


81 


99 


170 


10 


1-33 


7-56 


80 


100 


169 


11 


1-46 


7-54 


79 


101 


168 


12 


1-60 


751 


78 


102 


167 


13 


1-73 


7-48 


77 


103 


166 


14 


1-86 


7-45 


76 


104 


165 


15 


1-99 


7-41 


75 


105 


164 


16 


212 


7-38 


74 


106 


163 


17 


2-24 


7-34 


73 


107 


162 


18 


2-37 


7-30 


72 


108 


161 


19 


2-50 


7-26 


71 


109 


160 


20 


2-63 


7-21 


70 


110 


159 


21 


2-75 


717 


69 


111 


158 


22 


a-88 


712 


68 


112 


157 


23 


300 


7-07 


67 


113 


156 


24 


312 


701 


66 


114 


155 


25 


3-24 


6-96 


65 


115 


154 


26 


3-36 


6-90 


64 


116 


153 


27 


3-48 


6-84 


63 


117 


152 


28 


3-60 


6-78 


62 


118 


151 


29 


3-72 


6-71 


61 


119 


150 


30 


3-84 


6-65 


60 


120 


149 


31 


3-95 


6-58 


59 


121 


148 


32 


407 


6-51 


58 


122 


147 


33 


418 


6-44 


57 


123 


146 


34 


4-29 


6-36 


56 


124 


145 


35 


4-40 


6-29 


55 


125 


144 


36 


4-51 


6-21 


54 


126 


143 


37 


4-62 


613 


53 


127 


142 


38 


4-73 


605 


52 


128 


141 


39 


4-83 


5-97 


51 


129 


140 


40 


4-93 


5-88 


50 


130 


139 


41 


5-04 


5-79 


49 


131 


138 


42 


514 


5-70 


48 


132 


137 


43 


5-24 


5-61 


47 


133 


136 


44 


5-33 


5-58 


46 


134 


135 


45 


5-43 


5-43 


45 


135 






C. 


«. 




1 



TABLE VIL 

Values of b and f for Lati- 
tude of Philadelphia. 
Arg. Sun's or Star's Dfdin. 



Arg. 



0° 

1 

2 

3 

4 

5 

6 

7 
8 
9 

10 
11 
12 
13 
14 

15 

16 
17 

18 
19 

20 
21 
22 
23 
24 

25 

26 

27 
28 
29 
30 



6-39 
6-39 
6-38 
6-38 
6-37 

6-36 
6-35 
6-34 
6-33 
6-31 

6-29 
6-27 
625 
6-22 
6-20 

617 
614 
611 

6-08 
604 

600 
5-96 
5-92 

5-88 
5-84 

5-79 
5-74 
569 
5-64 
5-59 
5-53 



/• 



000 

oil 

0-22 
0-33 
0-45 

0-56 
0-67 
0-78 
0-89 
100 

111 
1-22 
1-33 
1-44 

1-55 

1-65 
1-76 

1-87 
197 
2-08 

218 
2-29 
2-39 
2-50 
2-60 

2-70 
2-80 
2-90 
300 
310 
319 



TABLE VIIL 


Moon's reduced Semidiame- 


ter. 


Arg. Moon's Horizontal Pa- 


rallax. 


Arg. 


Semidiam. 


53' 


2-7324 


54 


2-7323 


55 


2-7321 


56 


2-7320 


57 


2-7319 


58 


2-7318 


59 


2-7316 


60 


2-7315 


61 


2-7314 


62 


2-7313 
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TABLE IX. 










Correction ofr, the Sun's Reduced Semidiameter. 










Arguments, (f -{• g) a the Top, and Sun's Semidiameter at the Side. 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15' 46" 


•0046 


•0092 


•0138 


•0184 


•0230 


•0276 


•0322 


•0368 


■0414 


•0460 


48 


46 


92 


38 


84 


30 


76 


23 


69 


15 


61 


15 50 


•0046 


■0092 


•0139 


•0185 


•0231 


•0277 


•0323 


•0369 


■0416 


0462 


52 


46 


93 


39 


85 


31 


78 


24 


70 


16 


63 


54 


46 


93 


39 


85 


32 


78 


25 


71 


17 


64 


56 


46 


93 


39 


86 


32 


79 


25 


72 


18 


65 


58 


47 


93 


40 


86 


33 


79 


26 


72 


19 


66 


16 


•0047 


•0093 


•0140 


•0187 


•0233 


•0280 


•0327 


•0373 


■0420 


•0467 


2 


47 


94 


40 


87 


34 


81 


27 


74 


21 


68 


4 


47 


94 


41 


87 


34 


81 


28 


75 


22 


68 


6 


47 


94 


41 


88 


35 


82 


29 


76 


23 


69 


8 


47 


94 


41 


88 


35 


82 


29 


76 


23 


70 


16 10 


■0047 


•0094 


•0141 


•0189 


•0236 


•0283 


•0330 


•0377 


•0424 


•0471 


12 


47 


94 


42 


89 


36 


83 


31 


78 


25 


72 


14 


47 


95 


42 


89 


37 


84 


31 


79 


26 


73 


16 


47 


95 


42 


90 


37 


85 


32 


80 


27 


74 


18 


48 


95 


43 


90 


38 


85 


33 


80 


28 


75 
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